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Abstract
Gray whales are coastal migratory baleen whales that are benthic feeders. Most of their feeding takes place in the
northern Paciﬁc Ocean with opportunistic feeding taking place during their migrations and residence on the breeding
grounds. The concentrations of organochlorines and trace elements were determined in tissues and stomach contents of
juvenile gray whales that were taken on their Arctic feeding grounds in the western Bering Sea during a Russian
subsistence harvest. These concentrations were compared to previously published data for contaminants in gray whales
that stranded along the west coast of the US during their northbound migration. Feeding in coastal waters during their
migrations may presentP
a risk of exposure to toxic chemicals in some regions. The mean concentration (standard error
of the mean, SEM) of
PCBs [1400 (130) ng/g, lipid weight] in the blubber of juvenile subsistence whales was signiﬁcantly lower than the mean level [27 000 (11 000) ng/g, lipid weight] reported previously in juvenile gray whales that
stranded in waters oﬀ the west coast of the US. Aluminum in stomach contents of the subsistence whales was high
compared to other marine mammal species, which is consistent with the ingestion of sediment during feeding. Furthermore, the concentrations of potentially toxic chemicals in tissues were relatively low when compared to the concentrations in tissues of other marine mammals feeding at higher trophic levels. These chemical contaminant data for
the subsistence gray whales substantially increase the information available for presumably healthy animals. Ó 2002
Elsevier Science Ltd. All rights reserved.
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1. Introduction

*

Corresponding author. Tel.: +1-206-860-3338; fax: +1-206860-3335.
E-mail address: karen.tilbury@noaa.gov (K.L. Tilbury).

Gray whales (Eschrichtius robustus) make an annual
round-trip migration between their breeding grounds
in subtropical waters (e.g., oﬀ Baja California and the
southern Gulf of California) and their predominant
feeding grounds in the northern Paciﬁc Ocean. The
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Arctic feeding grounds provide an abundance of food
and most likely greater quantities than in other areas
visited during their migration (Highsmith and Coyle,
1992; Moore et al., 2000). Although the majority of
feeding is in the Bering and Chukchi Seas in Alaska,
some animals spend extended periods in the spring and
summer opportunistically feeding in the coastal waters
of Washington, California, Oregon and British Columbia (Rice and Wolman, 1971; Patten and Samaras, 1977;
Calambokidis et al., 1991; Mallonee, 1991; Darling,
1984; Nerini, 1984; Sumich, 1984; Calambokidis, 1992).
The gray whale feeds primarily on benthic prey, such as
ampeliscid amphipods (Ampelisca macrocephala), using
suction to engulf sediments and prey from the bottom,
then ﬁltering out water and sediment through their baleen plates and ingesting the remaining prey. This unique
feeding strategy among baleen whales often results in the
ingestion of sediment and other bottom materials (Rice
and Wolman, 1971; Nerini, 1984). Thus, exposure to
sediment-associated contaminants is possible if gray
whales feed in coastal areas containing sediment and
benthic invertebrates contaminated by anthropogenic
compounds.
The body mass, overall fat content, girth and blubber
thickness of the gray whales are signiﬁcantly higher
during the southbound migration to their breeding
grounds than during the return northbound migration
(Rice and Wolman, 1971). The composition of blubber,
especially the amount of lipids, and blubber thickness
can also be aﬀected by the nutritive condition of the
animal (Aguilar and Borrell, 1990). Early population
studies on Antarctic baleen whales (Mackintosh and
Wheeler, 1929; Mizue and Murata, 1951; Nishiwaki and
Ohe, 1951; Slijper, 1954; Ash, 1956) showed that variation in blubber thickness is related to nutritional status
and has been widely used as a condition index for cetaceans (Aguilar and Borrell, 1990).
Organochlorine (OC) pollutants are among the most
widespread and persistent chemical contaminants present in the marine environment. These pollutants, because of their lipophilicity and resistance to metabolism,
may bioaccumulate in aquatic organisms over time,
particularly in the lipid-rich tissues of marine mammals
(Varanasi et al., 1992). This is especially true in males
because they do not eliminate OCs as females can do
through gestation and lactation (Wagemann and Muir,
1984; Subramanian et al., 1988). Toxic and essential
elements found in gray whales are also of concern because of their toxicological signiﬁcance and possible
accumulation in certain organs (e.g., kidney, brain) of
marine mammals. For example, mercury is nephrotoxic
in mammals and it has been suggested that aluminum
may alter brain function (Goyer, 1986).
In the current study, tissue samples were collected
from apparently healthy juvenile gray whales from the
eastern north Paciﬁc stock that were taken on their

Arctic feeding grounds, a relatively pristine area in the
western Bering Sea, during a Russian subsistence harvest. Concentrations of OCs (e.g., PCBs, DDTs, hexachlorobenzene), selected non-essential, potentially toxic
elements (e.g., mercury, cadmium) and essential elements (e.g., selenium), along with percent lipid, were
determined in tissue samples and stomach contents of
these animals. Because gray whales feed on benthic organisms, analyses of stomach contents for contaminants
(e.g., selected elements) can provide insight into the dietary sources and concentrations of these compounds.
These data considerably increase the database for the
concentrations of contaminants in gray whales that have
not stranded (i.e. supposedly healthy animals).

2. Methods
2.1. Field sampling
Samples of blubber, liver, kidney, stomach contents,
brain and muscle were collected from 22 gray whales
taken from the eastern north Paciﬁc stock during a
Russian subsistence harvest in late September and October 1994 in the Bering Sea (Fig. 1). It should be noted
that complete sets of tissue samples were not available
from each whale (Table 1). The subsistence whales were
necropsied within 24 h of death. The tissue samples were
immediately stored on ice, subsequently frozen in a 20
°C freezer, shipped with dry ice to the Northwest Fisheries Science Center and stored at 80 °C until chemical
analyses.
2.2. Analytical procedures
2.2.1. Organochlorines
The gray whale samples taken during the subsistence
harvest were analyzed for OCs and percent lipid (Krahn
et al., 1988; Sloan et al., 1993). Brieﬂy, tissue (1–3 g) and
stomach contents (1–5 g) were macerated with sodium
sulfate and methylene chloride. The methylene chloride extract was ﬁltered through a column of silica gel
and alumina and the extract concentrated for further
cleanup. The cleanup was done using size exclusion
chromatography with high performance liquid chromatography (HPLC). The original analytical method was
modiﬁed slightly by adjusting the ﬂow rate to 5 ml/min
to facilitate the cleanup for the lipid-rich blubber tissue
and then a fraction containing the OCs was collected.
The HPLC fraction was exchanged into hexane and the
extracts were analyzed for OCs using a Hewlett–Packard
5890 capillary gas chromatograph equipped with an
electron capture detector (GC/ECD). A 60 m DB-5
capillary column (0.25 mm ID, J&W Scientiﬁc) was
used. The sample extract (3 ll) was injected splitless
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Fig. 1. Locations of the Russian gray whale subsistence harvest, as well as, gray whale collection sites in Alaska, California and
Washington (adapted from Krahn et al. (2001)).

(split valve opened 0.5 min, oven temperature 50 °C held
1 min). Oven temperature was programmed to 315 °C at
4 °C/min. Identiﬁcation of selected individual OCs was

conﬁrmed by retention time comparison to standards
and by mass spectrometry (GC/MS) with selected ion
monitoring (Sloan et al., 1993).
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Table 1
Subsistence gray whale specimen number, sex, length, and tissues analyzeda
Specimen
number

Sex

Length
(cm)

06
13
20
23
14

Female
Female
Female
Female
Female

770
780
800
800
830

08
22
02
19

Female
Female
Female
Female

840
840
850
860

07
10
01
18
27
17

Female
Female
Female
Female
Female
Female

870
870
880
930
930
950

25
26
03
21

Female
Male
Male
Male

1160
780
800
800

28

Male

860

11
05

Male
Male

880
890

Tissues analyzedb
Blubber
Liver
Blubber, liver
Blubber, liver
Blubber, liver, kidney,
brain, muscle, stomach
contents
Liver
Blubber, liver
Liver
Blubber, liver, kidney,
brain
Blubber
Blubber
Blubber
Blubber, liver
Blubber
Blubber, liver, kidney,
brain, muscle, stomach
contents
Blubber
Blubber, kidney, brain
Liver
Blubber, liver, kidney,
brain
Blubber, liver, kidney,
brain
Liver
Blubber, muscle

a
All animals were juveniles and tissue samples were collected
from September 30, 1994 through October 26, 1994.
b
Blubber, liver, kidney, stomach contents, and brain were
also collected from 22 stranded gray whales along the Paciﬁc
coasts (Fig. 1) between March 1988 and June 1992 and included
juveniles and adults. The mean (standard error) length [1100
(97) cm] was signiﬁcantly higher than that for the subsistence
animals [860 (18) cm]. The stranded animals included six females [1000 (95) cm] and 14 males [1300 (30) cm]; the sex and
length of two whales were unknown (Varanasi et al., 1993,
1994).

P
The OCs are reported herein as follows: ‘‘ PCBs’’
refers to the sum of the concentrations of 17 congeners (18, 28, 44, 52, 66, 101, 105, 118, 128, 138, 153, 170,
180, 187, 195, 206, 209) times two. The congeners are
numbered using the accepted system
as developed by
P
Ballschmiter and Zell (1980); ‘‘ DDTs’’ is the sum
of the concentrations of o; p0 -DDD, p; p0 -DDD, o; p0 DDE,
p; p0 -DDE, o; p0 -DDT and p; p0 -DDT; and the
P
‘‘ chlordanes’’ is the sum of the concentrations of cischlordane, oxychlordane, trans-non-achlor, heptachlor
and heptachlor epoxide. All OC concentrations were
reported as ng/g, wet weight or ng/g, lipid weight.

2.2.2. Elements
Samples of liver, kidney, brain and stomach contents
were analyzed for selected elements and percent solids
(Robisch and Clark, 1993). Brieﬂy, thawed tissue (1–2 g)
was freeze-dried and then digested with 10 ml of concentrated nitric acid for 2 h at room temperature and
subsequently heated in a microwave oven in sealed
Teﬂon vessels. The digests were then treated with 4 ml
hydrogen peroxide to destroy organic matter and further
heating in the microwave oven. The digests were diluted
with deionized water and the concentrations of elements
were determined by graphite furnace atomic absorption
(arsenic, lead, nickel, selenium) inductively coupled argon plasma optical emission spectroscopy (aluminum,
cadmium, chromium, copper, iron, manganese, silver,
vanadium, zinc) and cold vapor atomic absorption
(mercury). The concentrations of the elements were reported as ng/g, wet weight.

2.2.3. Lipids
To determine total non-volatile extractables (reported as percent total lipids) for the samples analyzed
by GC/ECD, an aliquot of the initial methylene chloride
extract of tissue was ﬁltered through ﬁlter paper containing approximately 5 g of diatomaceous earth as a
ﬁltering aid and the solvent removed from each sample
using a rotary evaporator. After the solvent was removed, the mass of lipid was determined. The percent
lipid was calculated by dividing the mass of lipid by the
original sample wet weight and multiplying by 100
(Varanasi et al., 1993, 1994).

2.3. Quality assurance
Quality control procedures for OCs and elements
included analyses of standard reference materials
(SRMs), a National Institute of Standards and Technology (NIST) control whale blubber sample, certiﬁed
calibration standards, method blanks, solvent blanks
and replicate samples. The reference material analyzed
with OCs was SRM 1945 Whale Tissue Homogenate.
The reference materials for elements included SRM
1566a (oyster tissue) from NIST and DOLT-2 (dogﬁsh
liver), DORM-2 (dogﬁsh muscle), LUTS-1 (non-defatted lobster hepatopancreas) and TORT-2 (lobster hepatopancreas) from the National Research Council of
Canada. The standards are discussed in detail in the
references cited. Acceptance criteria for analyses of
control materials were similar to those NIST uses for its
tissue intercomparison exercises. Concentrations of
analytes were within 35% from the upper and lower
limits of the 95% conﬁdence interval of NIST concentrations. Replicate analyses were within 35% of the relative standard deviation and surrogate recoveries were
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from 60% to 130%. Quality assurance results (e.g., analyses of SRMs, replicates, method blanks) met these
laboratory criteria.

2.4. Statistical analysis
The data were log transformed ½logðx þ 1Þ to reduce
deviations from normality (i.e., to reduce heteroscedasticity in the variances). Analysis of variance (ANOVA)
and Student’s t-test were used to compare diﬀerences
in mean concentrations of OCs between juvenile Russian subsistence gray whales and juvenile gray whales
that stranded in 1988–1991. Analysis of variance was
completed using SuperANOVA Statistical Software
(Abacus Concepts, 1989). Diﬀerences between means
were considered signiﬁcant at a 6 0:05. Results from
statistical analyses were very similar whether concentrations were expressed on a wet weight or lipid weight
basis.

559

subsistence animals with the lipid concentrations of the
same tissues in juvenile gray whales that stranded in
1988–1991. The mean lipid levels in the blubber
(48  5:2%) and stomach contents (2:8  0:1%) of the
subsistence animals were higher than the mean lipid
concentrations of blubber (13  6:0%) and stomach
contents (1:2  0:3%) in the 1988–1991 stranded whales
(Varanasi et al., 1993, 1994). The higher lipid content of
blubber of the subsistence whales may be attributed to
the increased lipid stores in these animals after feeding in
the Bering and Chukchi Seas during the summer. In
contrast, the tissues of the stranded whales were collected after the breeding season in Baja California, when
their lipid stores are more likely to be depleted. Rice and
Wolman (1971) report that northbound migrating (postbreeding) whales have decreased weights, girths, blubber
thickness and oil content compared to southbound migrants (post-feeding). In addition, some leaching of oil
from the blubber of the stranded whales may have occurred either before the sample was taken, as some of
the animals were necropsied several days after death, or
before the sample was frozen.

3. Results and discussion
Speciﬁc age data for the subsistence whales were not
available, therefore length was used as a surrogate to
estimate age class. It has been estimated that adult gray
whales are sexually mature at approximately 1200 cm in
length (Norman et al., 2000). The sampled animals were
all juveniles with a [mean  SEM] length of 860  18
cm; 870  23 cm for the 16 females and 840  19 cm for
the six males (Table 1). This group of gray whales from
which tissue samples were collected is unusual because
all the animals were juveniles, therefore, the inﬂuence of
length (i.e., age and developmental stage) on the concentrations of contaminants is minimized. This is signiﬁcant because mature female whales may transfer
contaminants during gestation and lactation, whereas
males may continue to accumulate OCs with increasing
age (Wagemann and Muir, 1984; Subramanian et al.,
1988). The majority of contaminant data in the literature
is from whale groups that consist of animals from various age classes. For example, the lengths of the previously sampled stranded whales (Varanasi et al., 1993,
1994) ranged from 790 to 1300 cm with a mean length of
1120  37 cm; the SEM was approximately two times
that of the SEM for the subsistence whales (range; 770–
950 cm with one whale 1160 cm).

3.1. Lipids
Mean lipid concentrations of blubber, liver, kidney
and muscle as well as stomach contents of juvenile
subsistence gray whales are shown in Table 2. We
compared the lipid content of the tissues of the juvenile

3.2. Organochlorines
The mean concentrations (based on wet and lipid
weights) of OCs in the juvenile gray whales are shown in
Table 2. We found much higher mean concentrations
(based on wet weight) of OCs in the blubber of juvenile
gray whales compared to the mean levels in the liver,
brain, kidney and muscle (Table 2). Accumulation of
lipophilic OCs among various tissues of marine mammals may be related to lipid content as well as the type
of lipid classes comprising each tissue (Aguilar, 1985).
For example, when we compared the mean OC levels
(based on lipid weight) among the various tissues of the
whales, we found the mean concentrations to be more
comparable among these tissues except brain. In this
tissue, the mean OC concentrations (based on lipid
weight) were lower than the mean levels in blubber, liver,
kidney and muscle. The lipid in the brain of marine
mammals consists of high proportions of polar phospholipids and total cholesterol and OCs partition less into
these polar lipids in comparison to the more lipophilic
neutral lipids (Fukushima and Kawai, 1980; Aguilar,
1985; Tilbury et al., 1997). In contrast, a large proportion of blubber is comprised of neutral lipids (i.e., triglycerides, non-esteriﬁed fatty acids), which favors the
accumulation of lipophilic contaminants such as PCBs
and DDTs (Kawai et al., 1988).
There were no diﬀerences in the mean concentrations
of OCs between the male and female juvenile subsistence
whales (Table 3). Previous marine mammal contaminant
studies have shown that the concentrations of OCs in
juvenile animals of both sexes increase until sexual
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Table 2
Concentrations [mean (SEM)] of OCs, elements and percent lipid in tissues of subsistence gray whales
Blubber
n ¼ 17

Liver
n ¼ 14

Kidney
n¼6

Brain
n¼6

Muscle
n¼3

Stomach contents
n¼2

weight)
230 (32)a
140 (20)
150 (32)
630 (83)

24 (4)
5 (1)
3 (0.4)
22 (2)

8 (1)
2 (0.5)
1 (0.2)
16 (2)

9 (2)
2 (1)
1 (0.3)
21 (2)

2
1
1
9

1 (0.1)
0.6 (0.3)
1 (0.1)
24 (7)

Lipid weight (ng/g lipid)
Hexachlorobenzene
530 (77)
P
320 (43)
P Chlordanes
DDTs
330 (53)
P
PCBs
1400 (130)

890
160
120
910

450 (49)
94 (4)
46 (9)
930 (63)

130 (14)
32 (7)
15 (3)
340 (47)

580 (310)
280 (97)
340 (63)
2400 (610)

36 (1)
20 (20)
17 (17)
850 (260)

Percent lipid

48 (5.2)

2.8 (0.3)

1.8 (0.1)

6.9 (1.1)

0.4 (0.1)

2.8 (0.1)

Blubber
nab

Liver
n¼5

Kidney
n¼6

Brain
n¼6

Muscle
na

Stomach contents
n¼2

4200 (2700)
320 (28)
210 (40)
290 (19)
16 000 (3400)
340 000 (67 000)
3100 (180)
160 (61)
39 (14)
60 (13)
1100 (150)
310 (64)
520 (55)
28 000 (1900)

2800 (1700)
1500 (430)
590 (110)
220 (10)
2600 (89)
75 000 (7800)
1000 (42)
34 (1)
36 (8)
28 (5)
1800 (200)
1 (0.1)
230 (31)
18 000 (950)

1000 (98)
53 (11)
100 (10)
200 (20)
2500 (150)
23 000 (1400)
340 (29)
22 (2)
85 (66)
14 (3)
190 (16)
11 (2)
Nd
8600 (520)

Wet weight (ng/g wet
Hexachlorobenzene
P
P Chlordanes
DDTs
P
PCBs

Wet weight (ng/g wet weight)
Aluminum
Arsenic
Cadmium
Chromium
Copper
Iron
Manganese
Mercury
Nickel
Lead
Selenium
Silver
Vanadium
Zinc

(160)
(25)
(15)
(97)

(1)
(0.2)
(0.2)
(2)

3 900 000 (370 000)
6100 (200)
680 (13)
3900 (37)
3000 (1700)
3 400 000 (260 000)
33 000 (5900)
46 (2)
1700 (320)
980 (150)
170 (12)
85 (9)
6500 (750)
9800 (1800)

Nd ¼ not detected.
a
Mean values (SEM) were calculated using one-half the detection limit for any analytes that were not detected.
b
The tissue was not analyzed (na).

maturity (Aguilar and Borrell, 1988; Kuehl and Haebler,
1995; Krahn et al., 1999; Tilbury et al., 1999). Males
continue to accumulate these lipophilic contaminants
throughout their lives. In contrast, a reproductive female’s OC levels decrease due to maternal transfer of
lipophilic OCs to her oﬀspring during gestation and
lactation (Wagemann and Muir, 1984; Aguilar and
Borrell, 1994; Beckmen et al., 1999; Krahn et al., 1999).
Based on the results of these previous studies, we did not
expect to ﬁnd diﬀerences in concentrations of OCs between male and female juvenile gray whales in this study
since they were from the same age class (juvenile).
Few chemical contaminant data are available for
gray whales. Wolman and Wilson (1970) reported the
presence of DDTs in 6 of 23 gray whales that stranded
oﬀ San Francisco, California during both their northern
and southern migrations. Schaﬀer et al. (1984) reported
concentrations of DDTs (470 ng/g, wet weight) in
blubber of a gray whale stranded in southern California

P
in 1976;
PCBs was <230 ng/g wet weight. Varanasi
et al. (1993, 1994) reported chemical contaminant data
for 22 gray whales that stranded along the west coast of
the US from 1988 through 1991. We compared the OC
levels in the juvenile subsistence whales with juvenile
whales that stranded from 1988 to 1991 and found that
the juvenile stranded animals (Varanasi et al., 1993,
1994) contained
signiﬁcantly
higher mean concentraP
P
tions of
PCBs and
DDTs than did juvenile subsistence animals (Fig. 2). Although the diﬀerences in OC
concentrations between the subsistence and stranded
juvenile whales may be due to diet or feeding areas, it is
more likely that the higher OC concentrations are due to
the retention of these chemical contaminants in blubber
when lipid stores are mobilized for energy and the level
of total lipid decreases in blubber. If the diﬀerences in
OC levels were due to diet or feeding, we would expect
to ﬁnd higher concentrations of OCs in gray whales that
feed near urban areas (e.g., Puget Sound, WA) than the

K.L. Tilbury et al. / Chemosphere 47 (2002) 555–564

561

Table 3
Concentrations [mean (SEM)] of OCs and percent lipid in blubber of gray whale
ng/g lipid weight
P
DDTs

P

Percent lipid

Subsistence
Juvenile (n ¼ 17)a
Female (n ¼ 13)
Male (n ¼ 4)

330 (53)b
360 (66)
200 (38)

1400 (130)
1400 (140)
1200 (360)

530 (77)
550 (97)
470 (89)

48 (5.2)
48 (6.1)
48 (11)

Stranded c
Female (n ¼ 6)
Male (n ¼ 14)
Unknown (n ¼ 2)
Juvenile (female ¼ 4, male ¼ 8)

2800 (1000)
39 000 (23 000)
5900 (4600)
11 000 (4300)

11 000
74 000
21 000
27 000

4400 (1200)
31 000 (22 000)
2100 (330)
7300 (2800)

9.7 (4.8)
9.1 (5.1)
2.0 (1.0)
13 (6.0)

PCBs

(3500)
(38 000)
(6400)
(11 000)

Hexachlorobenzene

a

The juveniles include the female and male subsistence animals below.
Mean values (SEM) were calculated using one-half the detection limit for any analytes that were not detected.
c
Varanasi et al. (1993, 1994).
b

P
Fig. 2. Mean concentrations (ng/g, lipid weight) of
PCBs
P
and
DDTs in blubber of subsistence 1994 and stranded
1988–1991 juvenile gray whales. Asterisk indicates that the
mean concentration of OCs in stranded whales is signiﬁcantly
higher (p 6 0:05) than the corresponding value for subsistence
whales of the same age class (juvenile) by Student’s t-test.

OC levels in animals that feed in more pristine waters
(e.g., Alaska). Varanasi et al. (1993, 1994) showed that
there were no striking diﬀerences in blubber concentrations of OCs in gray whales based on stranding location,
even though the animals stranded at several diﬀerent
geographical areas that showed a wide range of OC
concentrations in sediment (Varanasi et al., 1993, 1994).
However, it is not known if these stranded whales had
been feeding in the areas where they stranded.
P
PCBs and
P We compared the concentrations of
DDTs in tissues from the subsistence gray whales to
the values for cetaceans from other studies (O’Shea and
Brownell, 1994). The subsistence gray whales had similar or lower concentrations (wet weight) of these contaminants than other
P mysticetes.
P For example, the
concentrations of
PCBs and
DDTs range from
<10 to 7000 and <10 to 23 000 ng/g, wet weight, respectively, in blubber of humpback (Megaptera

novaeangliae), ﬁn (Balaenoptera physalus) and minke
(Balaenoptera acutorostrata) whales (Wagemann
and
P
Muir,
1984).
The
concentrations
of
PCBs
and
P
DDTs in blubber of the gray whales in the present
study ranged from 110 to 1300 and 30 to 540 ng/g, wet
weight,
respectively.
In contrast, the concentrations of
P
P
PCBs and
DDTs in toothed (odontoceti) marine
mammal species that feed in coastal waters, such as
harbor porpoise (Phocoena phocoena), can have blubber
concentrations of 23 000  5800 and 9100  1500 ng/g,
wet weight, respectively (Tilbury et al., 1997). In bottlenose dolphin (Tursiops truncatus)
from the
P
P Gulf of
Mexico, the concentrations of
PCBs and
DDTs in
blubber can be as high as 72 000 ng/g and 110 000 ng/g
wet weight, respectively (unpublished data).

3.3. Elements
The distribution of selected elements among tissues
(liver, kidney, brain) and stomach contents of the whales
was more variable when compared to the distribution of
OCs (Table 2). The mean concentration of mercury (a
non-essential element along with arsenic, cadmium and
lead) in liver, was approximately ﬁve times the concentration found in kidney and eight times the concentration in brain (Table 2). The mean concentration of
cadmium was highest in kidney where it is known to
preferentially accumulate; the mean concentration in
liver was approximately three times less than the concentration in kidney (Table 2). This is consistent with
previous studies showing that the ratio of renal to hepatic cadmium in marine mammals commonly varies
from about two to ﬁve (Wagemann and Muir, 1984;
Fujise et al., 1988; Wagemann et al., 1990; Meador et al.,
1993).
The mean concentrations of certain elements (aluminum, arsenic, chromium, iron, manganese, nickel,
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vanadium) were higher in stomach contents of gray
whales than in the other tissues (Table 2). The higher
concentrations of certain elements in stomach contents
are consistent with ingestion of sediment as part of the
natural feeding habits of gray whales (Haley, 1986). The
lower concentrations of elements in tissues suggest that
chromium, nickel, lead and vanadium, for example, are
not readily bioavailable from sediment.
The relatively high concentrations of aluminum in
liver, kidney and brain of gray whales indicate bioaccumulation of this non-essential element in these tissues.
In contrast, aluminum concentrations (<600 ng/g, wet
weight) in Alaskan bowhead whale liver (Krone et al.,
1999) were considerably less than the concentrations in
the subsistence gray whale liver (4100  2700 ng/g, wet
weight). These ﬁndings together support the hypothesis
that diﬀerences in aluminum concentrations may be related to diet, feeding behavior and feeding locations. As
mentioned previously, gray whales feed primarily on
benthic prey using suction to engulf sediments and prey
from the ocean bottom (Nerini, 1984). Bowhead whales
are water column feeders and have minimal exposure to
sediment-associated aluminum compared to gray whales
(Lowry, 1993; Krone et al., 1999).
The concentration of mercury in the gray whale livers
was comparable to the relatively low levels found in
other mysticetes such as bowhead (17–110 ng/g, wet
weight) (Krone et al., 1999) and minke whales (61–390
ng/g, wet weight) (Honda et al., 1987). These ﬁndings
are consistent with the greater bioaccumulation of
mercury in odontoceti that often feed at higher trophic
levels than mysteceti that feed predominantly on invertebrates. The mean concentrations of mercury in liver
and kidney of the gray whales sampled in this study were
relatively low when compared to odontecetes (e.g.,
O’Shea and Brownell, 1994; Wagemann and Muir,
1984). The range in mean concentrations of mercury in
liver of odontocete species, for example, porpoises and
narwhals (Monodon monoceros), from several studies
was 700–31 000, and in kidney 680–3600 ng/g wet weight
(Wagemann and Muir, 1984).
The mean selenium concentration of 1100 (140) ng/g
wet weight in gray whale liver was comparable to the
mean value in bowhead whale liver [1000 (98) ng/g wet
weight]. The mean molar ratio of liver mercury to selenium (1:18) in the subsistence gray whales was much
lower than the 1:1 ratio observed in many toothed
whales and pinnipeds (e.g., Koeman et al., 1973; Meador
et al., 1993). The ratio in gray whales was more comparable to that in bowhead, which was 1:40 (Krone et al.,
1999). The bowhead whale ﬁndings (Krone et al., 1999)
suggest that there is a baseline physiologic level of hepatic selenium (approximately 2500 ng/g wet weight)
that remains constant until the mercury concentration
exceeds this physiologic selenium level, at which point
the selenium concentrations begin to rise in parallel with

mercury (Krone et al., 1999). This would be consistent
with the postulated detoxiﬁcation role of selenium
through formation of insoluble mercury selenide compounds (Augier et al., 1993).
The concentration of cadmium in gray whale livers
was about 40 times lower than that in livers of subsistence bowhead whales taken in Alaska (Krone et al.,
1999). Planktonic crustaceans (i.e., copepods, euphausiids), which are reported to contain relatively higher
concentrations of cadmium and higher concentrations of
mercury compared to ﬁsh (Honda et al., 1987) are a
major component of the bowhead whale diet, unlike the
gray whales which feed extensively on benthic crustaceans. These dietary diﬀerences may explain, in part, the
diﬀerences in liver cadmium levels of the two baleen
whale species.
The concentrations of nickel, copper, zinc and lead in
liver tissue samples (Table 2) were similar to or somewhat lower than the concentrations of these elements in
liver of bowhead whales (Krone et al., 1999) and minke
whales harvested between 1980 and 1985 (n ¼ 135) in
Antarctica (Honda et al., 1987). The concentrations of
nickel ranged from 20 to 140 ng/g wet weight, copper
from 2300 to 9900, zinc from 22 000 to 65 000 and lead
from 28 to 650 in liver samples analyzed from these
bowhead and minke whales. Overall, the concentrations
of essential and non-essential elements found in tissues
of gray whales were well below the levels considered to
be toxic to terrestrial animals (e.g., mercury > 50 000;
cadmium > 50 000; zinc > 120 000; lead > 5000 ng/g wet
weight) (Puls, 1988); however, the toxicity of elements to
cetaceans is not well understood.

4. Summary
The present ﬁndings for juvenile gray whales sampled
oﬀ their Bering Sea feeding grounds showed that the
concentrations of a broad spectrum of anthropogenic
contaminants were relatively low compared to other
species of marine mammals that feed at higher trophic
levels. The concentrations of OCs were signiﬁcantly
lower on a lipid basis in juvenile subsistence animals
than previously reported in juvenile stranded whales.
This may be due to the retention of OCs in blubber as
lipid stores are mobilized for energy and total lipid levels
decrease, rather than markedly increased exposure or
diﬀerences in diet (Krahn et al., 2001). The results for
most trace elements showed that the concentrations in
tissues were low and less than concentrations that are
considered to be of toxicological concern. The proﬁle of
elements was inﬂuenced by the feeding habits of gray
whales, for example, aluminum in stomach contents was
high compared to other marine mammal species, which
is consistent with the ingestion of sediment during
feeding. These data for concentrations of contaminants
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in subsistence whales substantially increase the information available for presumably healthy gray whales.
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